The aim of this study is to evaluate the organ doses of patients undergoing hepatic chemoembolization procedures performed in two hospitals in the city of Recife-Brazil. Forty eight patients undergoing fifty hepatic chemoembolization procedures were investigated. For the 20 cases with PA projection only, organ and tissue absorbed doses as well as radiation risks were calculated. For this purpose organs and tissues dose to KAP conversion coefficients were calculated using the mesh-based phantom series FASH and MASH coupled to the EGSnrc Monte Carlo code. Clinical, dosimetric and irradiations parameters were registered for all patients. The maximum organ doses found were 1.72 Gy, 0.65Gy, 0.56 Gy and 0.33 Gy for skin, kidneys, adrenals and liver, respectively.
INTRODUCTION
Hepatic chemoembolization interventional procedures have been recognized for delivering high skin doses to patients. In many cases patients require repeated chemoembolizations to be performed for the same lesion. Re-irradiation of the skin and organs may significantly increase the probability of radiation effects. Several studies have reported the maximum skin dose and the air-kerma area product (KAP) for the assessment of patient radiation exposure for this procedure [1, 2, 3] . However, few estimates of organ and tissue absorbed doses have been done so far.
In patient dosimetry for interventional radiology, it is common to use specific conversion coefficients (CCs) for estimating the organ and tissue absorbed dose to patients. The CCs are defined as the ratio between the absorbed dose to a specified organ or tissue and a normalization quantity, like the air kerma-area product KAP, for example [4] . CCs are usually determined by Monte Carlo calculations.
The ICRP recommends the use of reference computational phantoms for the adult reference male and female for the calculation of organs and tissue CCs [5] . The main problem when using a CC is the anatomical correspondence between patient and phantom. In a study in interventional procedures, Johnson et al [6] showed that if the patient size is neglected when choosing a CC, organ and tissue absorbed doses will be underestimated for an underweight patient and will be overestimated for an overweight patient, with errors as large as 113% for certain projections.
Therefore, the use of phantoms with different body masses and/or heights for the Monte Carlo calculations would certainly improve the organ and tissue absorbed dose assessments for populations such as patients [7] .
MATERIALS AND METHODS
This study investigated 50 hepatic chemoembolization procedures for 48 patients diagnosed with hepatocellular carcinoma which have been treated in two hospitals in the city of RecifeBrazil. Table 1 The examinations were carried out with a Siemens Artis zee (hospital A) and a Philips Allura FD 20 equipment (hospital B), both equipped with flat panel technology. The projections used by the physicians were PA for 20 cases, PA and 26° RAO/12° CRA for 20 cases and PA and 23° RAO/12° CAU for 10 cases. The dose protocols used in the procedures were adjusted by the technicians of the room. In all procedures, pulsed fluoroscopy and a low rate of image acquisition was used.
For each procedure the following patient exposure data were recorded: tube potential, current, pulse length, fluoroscopy time, number of images, field-of-view (FOV), source-to-detector distance (SDD) and the KAP. The KAP meters of both equipment were calibrated using the under couch installation methodology described in IAEA code of practice [8] .
For the 20 cases with PA projections, organ and tissue absorbed doses as well as radiation risks were calculated with anthropometric supine adult human phantoms. Applying to the standing anthropometric adult human MASH/FASH phantoms (Cassola et al 2011) the methodology developed by Cassola et al 2010 [9] , 9 supine phantoms for each gender with three different body masses and three different heights have been designed. These phantoms are used by the online dose calculator CALDose_X [10] . Figures 1 and 2 show the male and female anthropometric adult phantoms, respectively, for 3 different body masses and 3 different heights, with the masses and heights shown in table 2. [11] , for the 20 cases of PA projection, taking into account body masses and heights of the patients as closely as possible to the phantom data shown in table 2. Table 3 shows the tube potentials and filtration of the equipments used during the procedures in hospitals A and B. For the Monte Carlo simulations, X-ray spectra have been generated using these data and the IPEM 78 catalogue of spectra [12] . For all simulations a field size at the detector input of 35cm x 35cm and a focus-to patient distance of 70 cm were used. 
RESULTS AND DISCUSSION
In table 4, irradiation and patient dose parameters used in each hospital for male and female patients submitted to hepatic chemoembolization procedure are summarized. KAP values are significantly higher in hospital B, which will be explained later based on the data shown in tables 6 and 7. Table 5 shows the mean absorbed doses (AvDos) for these organs and tissues, together with the standard deviation (sd) and the range per hospital and gender. The skin absorbed dose was calculated in a 7.2 cm square of skin around the central axis of the beam at the entrance side, while RBM and BSC absorbed doses are the maximum absorbed dose found in a bone in the irradiated volume of the body.
Comparison with data from Hidajat et al [16] and Dauer et al [17] in table 5 show reasonable agreement with data from this study. One reason of this could be the agreement in the body mass of the patients between studies. For example the median body mass of patients in the Dauer's study was 79 kg that is comparable with the median body mass of patients for hospital B (82 kg) in this study. Table 6 and 7 show that patient's body masses are greater in hospital B and also the number of images is higher which leads to higher KAP values and consequently to higher organ and tissue absorbed doses.
Skin
Following a method described earlier (Kramer et al 2008) , CCs between risk of cancer incidence and mortality and the KAP have been calculated together with the organ absorbed doses in the Monte Carlo calculation using radiological risk coefficients from the BEIR VII report (NA/NRC, 2006). The results for the patients who underwent PA procedures are shown in tables 6 and 7. Based on new epidemiological evidence, the ICRP emphasizes the optimization of exposures to specific tissues, particularly the lens of the eye, the heart and the cerebrovascular system (ICRP, 2012).
In this study, one patient was undergoing more than one procedure of hepatic chemoembolization. The accumulated absorbed dose to the heart for this patient was 498 mGy. This value is close to the absorbed dose threshold for circulatory disease (0.5 Gy) ICRP, 2012.
Insufficient collimation of the x-ray beam to the region of treatment is one of the possible causes of this fact. The majority of the procedures in this study were conducted by practitioners with few training in radiation protection. The figure 5 shows a) a case of nonappropriate collimation and b) a case of appropriate collimation during a hepatic arteriography in a chemoembolization procedure. 
CONCLUSIONS
In addition to reaching the thresholds for skin injuries to patients, other important organs can receive significant radiation doses in hepatic chemoembolization procedures compared with other diagnostic procedures.
The results show that apart from irradiation parameters, such as tube voltage, filtration, etc, organ and tissue absorbed doses depend aditionally on the patient´s body mass. Organ and tissue absorbed doses increase with the patient´s body mass.
In this work, organ and tissue conversion coefficients for the air kerma-area product for PA projection were calculated based on the anthropometric characteristics of the patients for a range of beam qualities used in hepatic chemoembolization interventional procedures that can serve to optimize radiological protection of patients submitted to this medical procedure.
